INTRODUCTION {#sec1-1}
============

Non-communicable diseases (NCDs) have recently received significant attention in low-and middle-income countries. Over 50% of deaths in the mentioned countries are caused by NCDs, particularly cardiovascular diseases (CVD).\[[@ref1]\] In fact, NCDs are predicted to be responsible for more than 3/4 of deaths in low- and middle-income countries by 2020.\[[@ref2]\]

Hypertension (HTN), diabetes, dyslipidemia, obesity, and smoking are traditional risk factors for CVD. The World Health Organization (WHO) has identified obesity, HTN, hypercholesterolemia (HC), and smoking as the main risk factors for immature death, and disability.\[[@ref3]\] The high prevalence of these factors in the Middle East has led to the higher incidence of CVDs in the region. On the other hand, the growing popularity of urbanization among the Middle Eastern youth would result in higher prevalence of the risk factors and thus, CVDs in the future.\[[@ref4]\] NCDs, especially CVDs, are the main cause of death in Iran.\[[@ref5][@ref6]\]

Although numerous studies have evaluated the prevalence of CVD risk factors in Iran,\[[@ref7][@ref8][@ref9][@ref10][@ref11]\] longitudinal studies that have assessed the incidence of CVD risk factors are scarce\[[@ref12][@ref13]\] which mostly assessed one risk factor. Isfahan cohort study (ICS) was a longitudinal study to evaluate the incidence of CVDs and their risk factors in central areas of Iran.\[[@ref14]\] The present study reports the 7-year incidence of major CVD risk factors.

MATERIALS AND METHODS {#sec1-2}
=====================

The ICS is a population-based, ongoing longitudinal study of adults aged 35 years old or more, living in urban and rural areas of three counties in central Iran; who had participated in the baseline survey of a community trial for CVD prevention and control, entitled the Isfahan Healthy Heart Program.\[[@ref15][@ref16]\] The participants were recruited from January 2 to September 28, 2001.

The baseline survey was conducted in a representative population of adults who were living in urban and rural areas of Isfahan, Najafabad and Arak. Participants were selected by multistage random sampling and were recruited to reflect the age, sex, and urban/rural distribution of the community. Details of the sampling method were described in a former report.\[[@ref14]\] Ethical approval was obtained from the Ethics Committee of Isfahan Cardiovascular Research Centre (a WHO collaborating center).

After obtaining informed written consent, medical interview, and physical examination were conducted. Measurements of blood pressure, anthropometric parameters as well as fasting blood tests were carried out following standard protocols and using calibrated instruments as has been described previously.\[[@ref14]\] Diabetes mellitus (DM) was defined as fasting plasma glucose ≥126 mg/dL or 2-h postprandial plasma glucose ≥200 mg/dL or being on anti-diabetic agents. Total cholesterol ≥200 mg/dl and triglyceride ≥150 mg/dl or being on anti-lipidaemic agents was defined as HC and hypertriglyceridemia (HTg), respectively. Plasma low density lipoprotein cholesterol (LDL-C) ≥130 mg/dL or being on anti- lipidemic agents was considered as high LDL-C. High density lipoprotein cholesterol (HDL-C) \<40 mg/dL in men and \<50 mg/dL in women or being on anti-lipidemic agents was the definition for low HDL-C. Systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or being on antihypertensive drugs was defined as hypertensive (HTN). Body mass index (BMI) ≥25 kg/m^2^ and ≥30 kg/m^2^ were considered as overweight and obesity, respectively. The recommendation of International Diabetes Federation (IDF) for Middle Easterners to define central obesity as waist circumference ≥94 cm in men and ≥80 cm in women was used.\[[@ref17]\] In addition, the local recommendation for Iranian population as the cutoff value of 95 cm for both men and women was employed\[[@ref18]\] The updated Adult Treatment Panel III guideline of the National Cholesterol Education Program definition,\[[@ref19]\] was used to define metabolic syndrome (MetS) as the presence of three or more of the following components: 1) serum triglycerides ≥150 mg/dL; 2) HDL-C \<40 mg/dL for men and \< 50 mg/dL for women; 3) plasma glucose ≥100 mg/dL fasting or on treatment; 4) blood pressure ≥130/85 mmHg or anti-hypertensive medication use, and 5) waist circumference ≥102 cm in men and ≥88 cm in women. Subjects who smoked daily were considered as current smoker.

In order to determine CVD events, follow-up surveys were carried out almost biannually asking participants for any hospital admission or neurological symptoms. Detailed explanation for follow-up process is available elsewhere.\[[@ref14]\] In 2007 (the 7^th^ year of follow-up), participants were invited for repeated laboratory measurements, physical examination and interview. The subjects who attended measurements in 2007 were labeled as available subjects against those who were lost-to-follow-up or those who did not attend for repeated measurements. Laboratory measurement methods were similar in 2001\[[@ref14]\] and 2007, but the used autoanalyzer was different (Eppendorf, Hamburg, Germany in 2001 vs. Hitachi 902, Japan in 2007). Both instruments were tightly qualified and were validated with the external standard laboratory center. The same definitions as what had been used at baseline were adopted for the new findings in 2007. Those with a diagnosis of HTN or diabetes were assumed to have the disease even if they did not fulfill the diagnostic criteria in 2007. However, dyslipidemia was defined only if subjects' data met the definitions.

Statistical analysis {#sec2-1}
--------------------

The cumulative incidence (incidence proportion) for CVD risk factors with 95% confidence interval was calculated as the number of new cases during the study period divided by the number of subjects at risk (free of risk factor of interest) at baseline. Subjects who had reported a positive history of CVD at baseline were excluded from the calculations. Average annual incidence was calculated as cumulative incidence divided by 6.8 years of follow-up, which was the follow-up duration of the study population. Numerical values of risk factors were compared between 2001 and 2007 using the paired *t*-test. Data entry was carried out using EPI info™. Data were analyzed using the SPSS for Windows (version 15; SPSS Inc., Chicago, IL., USA). For all analyses, statistical significance was assessed at a level of 0.05 (2-tailed). The population attributable risk was calculated from unadjusted incidence rate ratio for CVD events during 7 years of follow-up using Stata (version 11.2, StataCorp LP, TX).

Due to considerable rate of non-response in the second measurement, Heckman two-step method\[[@ref20]\] was used to assess the selection bias owing to the possible effect of non-random selection. Two separate models for prediction of incident HTN and DM, as most significant risk factors, were employed using Heckprob command in Stata software (Stata/IC 11.0, StataCorp LP, TX, USA). The selection equation (first step, model of factors associated with non-response) was developed using a set of possible factors (age, sex, urban/rural, education, employment, smoking, BMI categories, blood pressure categories, and pulse rate) as well as prevalent DM for incident HTN and also prevalent HTN for incident DM. The same set of variables except employment was used to predict incident HTN and DM (second step, outcome models using probit regression) taking into account the error terms derived from the first step. Likelihood ratio test of independent equations with the hypothesis that rho statistics equals 0 was considered to show the selection bias. Accordingly, the statistically significant result of the test (reject rho = 0) indicates substantial bias.

RESULTS {#sec1-3}
=======

At baseline evaluation (2001), 100 (3.2%) men and 81 (2.4%) women reported a history of CVD and were excluded from all further analyses. Among 6323 participants free of CVD, who aged 50.7 ± 11.6 years (mean ± SD) and 3255 (51.5%) were women, laboratory measurements and physical examinations were performed for 3283 participants in 2007 \[[Figure 1](#F1){ref-type="fig"}\]. The average age of subjects with complete measurements in both assessments was increased from 49.2 ± 10.3 years in 2001 to 55.9 ± 10.4 in 2007, and 1679 (51.2%) of participants were women.

![Study algorithm](ABR-3-242-g001){#F1}

Considering three categories of participants comprising of available subjects, those who were lost-to-follow-up and those who did not attend for repeated measurements after 7 years, HTN at baseline was significantly higher in the last category (25.4% vs. 25.6% vs. 32.6%, respectively; *P* \< 0.001). Diabetes showed the same pattern but lower differences (9.2% vs. 8.4% vs. 11.3%, respectively; *P* = 0.034). Inversely, the available subjects who were included in the analysis were slightly more centrally obese (71.0% vs. 68.0% vs. 68.3%, respectively; *P* = 0.048) and overweight was more in this group (42.4% vs. 37.7% vs. 38.4%, respectively; *P* = 0.002). Age of the aforementioned groups was 49.2 ± 10.3, 50.4 ± 12.2 and 52.5 ± 12.7, respectively (*P* \< 0.001). There were no further statistically significant differences in terms of sex, urban/rural, smoking, obesity, HC, HTg, low HDL-C, and MetS. Heckman two-step method did not show severe selection bias in the two different models for HTN (*P* = 0.115) and DM (*P* = 0.872).

While systolic blood pressure slightly increased by the aging of subjects, diastolic blood pressure decreased to some extent \[[Table 1](#T1){ref-type="table"}\]. FPG showed a remarkable increase even in non-diabetics. LDL-C considerably increased by aging, but HDL-C and triglyceride significantly decreased. Despite small but significant reduction in waist circumference, BMI showed a slight increase over 7 years. [Table 2](#T2){ref-type="table"} shows the population attributable risk of different CVD risk factors for CVD events.

###### 

Changes of blood pressure, lipid profile, fasting plasma glucose, and obesity indices from 2001 to 2007
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Population attributable risk
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[Table 3](#T3){ref-type="table"} shows that the highest incidence proportion in men was seen in high LDL-C followed by HC and low HDL-C. The prevalence of most risk factors significantly increased; however, the most dramatic increase was seen in the prevalence of diabetes followed by HTN. In women, the highest incidence was seen in central obesity (based on IDF definition), HC and high LDL-C and the same as men, prevalence of diabetes and HTN showed a remarkable increase \[[Table 4](#T4){ref-type="table"}\]. Despite the considerable incidence proportion, the prevalence of central obesity based on IDF definition, overweight and low HDL-C did not significantly changed in women. [Table 5](#T5){ref-type="table"} shows the corresponding incidence and prevalence rates in the whole study population.
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Incidence of cardiovascular disease risk factors in men
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Incidence of cardiovascular disease risk factors in women
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Incidence of cardiovascular disease risk factors in total population
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DISCUSSION {#sec1-4}
==========

Considerable incidence proportion was found for most major CVD risk factors in this study. To the best of our knowledge, the present study is among the few studies to assess the incidence of CVD risk factors in Iran and probably in the Middle East region. Most studies in the field have only evaluated the point prevalence of risk factors. On the other hand, none of the scarce published papers from Iran have considered the incidence of all CVD risk factors concurrently, i.e., they focused mainly on one risk factor.

HTN has been previously reported by the ICS as the most important risk factor for CVD events and death due to CVDs.\[[@ref14]\] According to our findings, the 7-year incidence proportion of HTN was 22.5%. It is predicted that in 2025, four out of three hypertensive patients would be living in developing countries.\[[@ref21]\] The Framingham study showed the 10-year incidence of HTN in 55-65 year-old men and women as 56% and 52%, respectively.\[[@ref22]\] The incidence rate (1000 person/years) in Tehran, the Iran\'s capital was reported to be 29 for women and 30 for men in a population with a mean age of 42 years,\[[@ref12]\] which was lower than findings of the current study. The incidence proportions among individuals over 35 years of age in India and rural areas of China were considerably higher than the present study.\[[@ref23][@ref24]\] A Croatian study found that the 5-year incidence among the population over 18 years old to be as high as 34.1%.\[[@ref25]\] A Canadian and Korean studies on people older than 20 years of age reported similar rates to ours.\[[@ref26][@ref27][@ref28]\] Given the higher ages in our study (over 35 years), this similarity suggests lower incidence in ICS population. However, HTN had one of the highest population attributable risks in our study. It shows that almost one third of CVD events and about 27% of mortality could be eliminated if we were able to prevent HTN.

Obesity is considered as an epidemic now.\[[@ref29]\] The overall 7-year incidence of overweight and obesity was 32.3% in our population with the rate being 12% higher in women. Such gender-related difference was also reported by studies in Croatia (with the 5-year incidence of 8.7% and 20.4% in men and women, respectively)\[[@ref30]\] and Southern Europe (with the incidence being 2 times more in women).\[[@ref31]\] In contrast, the ATTICA study in Greece found the incidence of obesity to be higher in adults men over 18 years old compared to women. It also showed the overall 5-year incidence of obesity and overweight as 8% and 45.4%, respectively.\[[@ref32]\] In ICS, with the older population and longer follow-up duration, the incidence of obesity was expectedly higher, but in terms of overweight, it was considerably lower in our population. In an Australian study; however, the 5-year incidence of obesity and overweight was reported as low as 18.1%, which was almost half of its incidence in ICS.\[[@ref33]\] To the best of our knowledge, no similar reports about the incidence of obesity are available from other parts of Iran. In addition to being an independent risk factor, obesity contributes to the most other CVD risk factors\[[@ref34]\] and further increase CVD risk through them (as mediators).\[[@ref35]\]

Central obesity is known to be a better risk factor compared to overall obesity, however, its classification was recommended to be defined locally.\[[@ref36]\] As the proposed cutoff point of waist circumference for women in Iran\[[@ref18]\] considerably differs from IDF recommendation for the region, our findings were substantially different based on the employed cutoff point. Nevertheless, abdominal girth reduction to the normal level based on IDF, led to a constant prevalence of central obesity during 2001-7. Accordingly, an important priority in the field of central obesity is to reach an agreement in terms of its definition in the region. The incidence of MetS was almost higher than most previous studies for women but not for men.\[[@ref36]\] Furthermore, our findings were in line with studies that showed a higher incidence in women, neither those showing similarity in gender nor those showing superiority in men.\[[@ref36]\]

Among the various figures that have been reported for the incidence of diabetes in different countries and regions, one of the highest belongs to Asia.\[[@ref37]\] Several studies have demonstrated the increasing trend of diabetes incidence during the past decades.\[[@ref38][@ref39]\] While the incidence of diabetes in Aboriginal Australians older than 35 years of age was estimated as a little more than 2%,\[[@ref40]\] another Australian study reported the rate as 0.8%.\[[@ref38]\] A rate of 1% was calculated in the Spanish people aging over 30 years old.\[[@ref41]\] European studies have indicated the annual incidence rate of diabetes as 7.6-10.8/1000.\[[@ref41][@ref42][@ref43][@ref44]\] A study in Tehran, Iran, revealed the 6-year incidence of diabetes among individuals over 20 years old to be 6.4%.\[[@ref13]\] The lower incidence proportion in Tehran can be justified by the younger age. The higher incidence obtained in the present study might be due to demographic differences. Nonetheless, the calculated incidence was as high as the developed countries, which Western life-style is known as the cause. Owing to the importance of diabetes for CVD risk and other health burden, its pre-disposing factors such as obesity should be controlled.

Among the evaluated risk factors, dyslipidemia had the highest incidence proportion. In the present study, the 7-year incidence of HC was much higher in women compared to men (55.4% vs. 37.4%). We could not find any previous Iranian report on the incidence of HC or other kinds of dyslipidemia. Our findings were significantly higher than the 5-year incidence in the ATTICA study in Greece (17.7% in women and 23.7% in men); where in contrast to our study, the incidence was higher in men and the increased incidence after the age of 55 was found.\[[@ref45]\] A Portuguese study also reported a similar phenomenon.\[[@ref46]\] It suggests age and menopause as possible effective factors on the incidence of HC.

Despite the high incidence of HTg in this study, a significant reduction was observed in its prevalence after 7 years among both genders and more in men. It indicates the dynamic nature of HTg; while a considerable number of new cases emerge by aging, more known patients control it without medication, perhaps by life-style modifications. The prevalence of HTg has been reported as 37.2% in Korea,\[[@ref47]\] 30.5% in Turkey,\[[@ref48]\] and 24.9% in China.\[[@ref49]\] Therefore, the prevalence of this complication among our participants, even after the 7-year reduction, was higher than other parts of the world. On the other hand, an American study suggested prevalence of 53.1% among individuals over 20 years old.\[[@ref50]\] Overall, the high prevalence and incidence of HTg and factors affecting its dynamic status need further investigation.

We detected a 4% decrease in the prevalence of smoking among our male participants during the 7-year course of study. Compared to other risk factors, the incidence of smoking was inconsiderable in women and had the lowest value in men. Some other studies have also reported a decreased prevalence of smoking during the same period of time. They suggested anti-smoking regulations to be responsible for such reduction.\[[@ref51][@ref52][@ref53]\] A Croatian cohort study found the 5-year incidence of smoking in men and women as 4.9% and 1.1%, respectively.\[[@ref54]\] The incidence rate among the 30-39 year-old population was 2.3-7.9% in women and 3.7-8% in men.\[[@ref55]\] Smoking thus does not seem to have been more prevalent among our participants compared to other populations. Previous studies have identified the highest incidence of smoking between the ages of 20 years and 29 years.\[[@ref55]\] Consequently, low incidence could be because that our participants were not at the age of start smoking; however, long-term adverse effects of smoking on health necessitates the efforts to control smoking be continued.

The main limitation of the present study was the high number of individuals who did not accept to participate in the second measurements. Although, no significant differences were found between this group and others in most variables, the higher prevalence of overweight in the available population could have overestimated the incidence of other risk factors. The lower response rate in those with diabetes or HTN could be attributed to the fact that these subjects should inevitably have been under medical supervision and thus had less motivation to participate. Although, this could not have effect on incidence calculation for diabetes or HTN but these subjects may have constituted a high-risk population. However, MetS, as the most important clustering of risk factors, was not significantly different between the available population and others. It is thus, unlikely that lower prevalence of HTN and diabetes in available subjects compared to those who were lost-to-follow-up and non-attendees have severely biased the estimation of either these two or other risk factors. Another limitation was the two point measurements instead of repeated measurements. The latter would have provided more accurate estimate for the time that each risk factor was emerged and consequently, the calculated incidences were more precise. On the other hand, the way that average annual incidence was calculated, inevitably assumes constant rates over the follow-up period, which is wrong due to the population aging. However, considering the difficulties in the determination of the exact time that a risk factor emerges in a subject, average annual incidence is the best estimation for incidence rate (1000 person/year). The laboratory autoanalyzer was changed in 2007. Although both instruments were certified by external standard laboratory, it might be considered as a possible limitation.

In conclusion, the results of this study confirmed a generally high incidence of CVD risk factors, especially in dyslipidemia, obesity, MetS, and HTN. The incidence rate was generally higher in women than men except HTN. The present study revealed the alarming incidence of overweight and obesity especially, among women, which needs to be considered in health policy-making in Iran. On the other hand, sliming occurred considerably. Hence, although public health programs have been to some extent successful in controlling obesity, more endeavor is still required for wide adoption of a healthy life-style including diet modification and increased physical activity. In addition, the prevalence of many risk factors was shown to increase by increasing age. Life-style modification programs are thus required to be designed and promoted to control the incidence of these risk factors. Such interventions are mostly simple and inexpensive and can be expanded to cover the whole society. They would reduce the incidence of CVD risk factors and their associated diseases and thus save treatment costs. Further studies are indeed necessary to evaluate the factors affecting the incidence of CVD risk factors.
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